Introduction
The use of alternative energy sources continues to be a suggested policy instrument for more environmentally benign economic development. However, the burden of costs in relation to direct benefits can be a strong disincentive for independent energy producers. The interplay of relative prices affects the attractiveness of alternative energy. This paper investigates the financial viability of producing steam and electricity from forest biomass in a small-scale cogeneration facility (5 MW capacity).1 In Northern Canadian communities, forests offer an apparently abundant source of energy. But biomass-based energy production must compete with conventional energy production methods and with traditional demands for forest biomass for pulp and lumber production.
This paper examines the potential of forest biomass energy production that is not directly competitive with traditional demands for fibre. A clear identification of the circumstances required to make sawmill residues a financially 1/ Cogeneration is the simultaneous production of electricity and steam from a single fue1 source.
viable method of energy production could help communities assess whether cogeneration is a viable development option. This paper focuses on the profitability of cogeneration using small-scale facilities in Northern Ontario. Rosen and Le (1994) have analysed the potential energy savings from large-scale cogeneration in Ontario. They concluded that cogeneration presents important opportunities for energy conservation in Ontario, and that further investigation of this technology was needed. The present study is a response to this conclu-
sion.
A case study approach is used. The community of Geraldton was selected for several reasons. The community was considering constructing such a facility and the required data and information were more readily available. One of the reasons for this was that Geraldton had been selected as one of four "Community
Forests" as part of L"lte provincial government's Sustainable Forestry Initiative. The initiative was designed to test alternative methods of forest management. Local control over resource management has become a widely accepted policy goal in forest management in Canada (CCFM, 1995) . Communities with sawmills could, in principle, use excess residues to generate electricity, creating more local employment and income, and potentially alleviating a waste problem. Geraldton is also representative of small Northern Ontario communities with resource-based economies.
Two sources of biomass fuel for cogeneration are considered in this case study; sawmill residues and chipped biomass from the Geraldton Community Forest. A plywood and particle board manufacturer located 38 krn east of Geraldton would be a possible source of residue material. Non-and under-utilized species, parts of trees remaining from harvesting operations, and pre-commercial thinning operations represent the other potential fuel source. It should also be noted that Geraldton has an Ontario Hydro transformer, which is necessary to access the provincial electricity grid. For the analyses presented here, the grid is assumed to provide electricity when local demands exceed the capacity of the cogeneration plant, and to absorb surplus production during periods of low local demand. The implications of this assumption are discussed in the concluding section.
Prior to the 1960s, most sawmill waste in Ontario was either incinerated or disposed of in landfills. Since then, rising energy costs, improved technology in sawmills and pulprnills, and the desire for greater forest utilization have all provided impetus for developing alternative uses of sawmill wastes (Tieman, 1986). Some of these uses include agricultural or landscaping mulch, and fuel for the sawmill and other industries. From 1980 to 1990, the Ontario Ministry of Natural Resources reports that Ontario sawmills produced almost 5 million m 3 of sawdust 2 that was either disposed of in landfills, or held in inventory for use in the next year (see Table 1 ).
Disposing of these residues in approved landfills or simply in piles on the ground could be hazardous to the surrounding ecosystem. When significant amounts of sawmill residues are left for long periods of time, chemicals from the wood leach into the ground. Depending on the soil type, the ratio of wood to bark, and the species of wood that make up the residues, leachate can contaminate ground water (Evans, 1973) . Cold water soluble extracts are of principal concern in landfill leachates. Cold water extracts are comprised of mostly phenolic compounds, but sugars, alcohol, resin acids, and various other classes of compounds may also be present. Total water-soluble contents vary, but in Western red cedar, for example, these can be as high as 10% of the wood. Decomposition of piles of sawmill residues depend on aerobic and anaerobic processes. Fungi, which are common organisms of structural decay in wood, are predominantly aerobic. Therefore, the wood residues on the inner layers of a landfill or dumpsite do not break down. The outer layer is subject to aerobic processes. Aerobic fermentation breaks down the sugars, contained within the residue, into carbon dioxide, water, and heat. In sawdust and chip piles, temperatures can reach as high as 185°F. These high 2/ Sawmill residue includes not only sawdust, but also shavings, bark, and hogfuel. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1987 , 1988 , 1989 and Beke (1994) .
1/ Assuming a conversion factor of 2.5 m 3 of sawdust@40%moisture/MWh temperatures kill organisms that decompose the residues, thereby sterilizing the pile. Thus, difficulties associated with leachates and decomposition make the dumping of sawmill waste a potentially environmentally hazardous method of disposal. Using sawmill waste for cogeneration is one potential method of mediating the problems associated with disposal. Communities with sawmills could use excess residues to generate electricity, possibly creating employment and income in the process. This paper investigates the financial viability of using sawmill residues for cogeneration from the perspective of a potential independent producer interested in selling electricity to the public utility. Results of the financial analysis for each fuel alternative will be discussed. These results will indicate which fuel source, either sawmill residue or chipped biomass, is the most profitable, since each has different costs associated with its use. Nonutility generators 3 must first seek approval from Ontario Hydro in order to gain access to the Ontario grid system. Current surplus capacity problems of Ontario Hydro limit the prospects for non-utility electricity production 3/ A non-utility generator is an electricity producer that generates electricity using equipment that is not owned or operated by the pub1ic utility (Ontario Hydro, 1991). 18 in the short run. The latter part of this paper discusses the problem of surplus energy and how this affects the policies and regulations of Ontario Hydro pertaining to the development of cogeneration facilities in the province.
Methods

The Net Present Value Criterion
To evaluate the economic 'feasibility of each fuel type, a capital budget was prepared and the net present value (NPV) calculated for both alternatives via the following formula:
where I is the initial investment; CF t is the expected net cashflow in year ti r is the discount ratei and n is the time horizon of the project. Internal rales 4 of return are also calcu-!ated.
Data
Canada Light and PowerS estimates that the 4/ The internal rate of return is the smallest value for r in equation (1) that produces a Net Present Value of zero.
. 5/ Canada Light and Power is a Geraldton-based company that builds cogeneration and district heating facilities in Northern Ontario. initial investment for a 5 MW cogeneration facility would be about $6 million. This includes the building and machinery as well as wheeling 6 electricity from the cogeneration facility to the Ontario Hydro grid system, but not the costs associated with establishing the infrastructure for a district heating system. Therefore, the unit prices of heat assumed in the calculations below should be interpreted as sales on site. The buyer would assume the costs associated with transporting the heat. Information pertaining to annual revenues, annual costs, income tax, and machinery and building depreciation was obtained from Energy, Mines and Resources Canada (undated), Ontario Hydro, Revenue Canada, Canada Light and Power, and Meng (1993) .
Annual Revenue
Revenue for the cogeneration enterprise comes from heat and electricity sales. The communities of Geraldton and Longlac, as well as the surrounding area, receive their electricity from two distribution stations on the Ontario Hydro grid system. During the peak hours of January 1994, the combined supply of electricity to both of these distribution stations was 3.4 MWhs (Mather, 1994) . Therefore, a cogeneration facility with a 5 MW capacity would more than offset the electricity supplied to the community and surrounding area of Geraldton. Results were calculated for 100% and for 80% capacity utilization. Annual electricity production at 100% capacity would be 43.68 million kWhs (Table 2) . Given this annual level of production and the prices set by Ontario Hydro, Table 2 shows that the annual revenue from electricity production would be $1.694 million for 100% capacity utilization and $1.355 million if the facility operated at 80% capacity. In addition to revenue from electricity production, the cogeneration facility can also earn income from selling heat. Assuming that the cogeneration plant produces 4.54 tonnes of steam per hour, an.Tlual heat revenue 6/ Wheeling is the transmitting of electricity from one location to another over power lines owned by a third party. In this case, the lines would likely be owned by the producer.
is $129 thousand per year at 100% capacity utilization and $103 thousand at 80% (Table 3) .
Annual Costs
The cogeneration plant would burn approximately 2.5 m 3 of chipped biomass (approximately 40% moisture) to produce 1 MWh (or 1000 kWhs) of electricity (Canada Light and Power, 1993) . Table 2 shows that at 100% capacity an annual production of 43,680 MWhs of electricity would require 109,200 m 3 of biomass annually. Since there are approximately 3.5 m 3 of chipped biomass (40% moisture) in a tonne, annual requirements of biomass would be 31,200 tonnes. 7 Based on Canada Light and Power est!-mates, annual operating costs for administration, wages, supplies and chemicals were assumed to be $200,000. Maintenance costs for wages, parts and materials were assumed to be $50,000.00 for the first three years of operation and $200,000 for years 4 through 25. The impact of increased operating on maintenance costs is explored in sensitivity analysis.
Costs associated with each fuel alternative are different. Sawmill residues would not require further processing, however they would have to be transported 38 km from Longlac to Geraldton. Assuming that the rate for hauling biomass is 20¢/tonne/km, then annual hauling costs for sawmill residues would be $213,408. 8 Biomass from the area would have to be hauled from various points within the forest to the community of Geraldton. Es limation of the collection costs for underutilized species and other forest biomass is more compex. The Geraldton Community Forest covers seven townships, or 65,352 hectares (Haavisto, 1993) . Assuming that the average distance from various points within the community forest to the town of Geraldton is 10 km, average annual hauling costs for forest biomass to 11:00 p.m., Monday to Friday except holidays. 2/At 4.54 tonnes/hour.
would be $56,160. 9 Forest materials from the Ceraldton Community Forest would require chipping and drying. Currently, the Community of Ceraldton is operating a heat processing plant at the Ceraldton Airport. From these operations, estimated costs for biomass preparation are $25/tonne (Canada Light and Power, 1993) . Using this rate, annual preparation costs would be $702,000,10 Environmental benefits brought about by the cogeneration project could reduce costs for parties affected by the externalities 11 of sawmill waste disposal. Suppose that a sawmill deposits its residues near a community and that the residues have an adverse effect on 9/ Similarly, hauling costs from within the community forest are 28,080 x 0.20 x 10 = $56,160.
10/ Annual preparation costs are determined by
multiplying 28,080 tonnes of biomass by $25/tonne to get $702,000/year. 11/ An externality occurs when the consumption or production activity of one individual or firm has an unintended impact on the utility or production function of another individual or firm (Mueller, 1993) . 20 drinking water. Whether the community has to spend money to purify the drinking water or the sawmill has to undertake pollution abatement measures, there is a potential cost associated with dumping residues. With the building of a cogeneration plant, a use for the residues is found, thereby reducing the amount depOSited in landfills. This saves money for either the community or the sawmill, depending on whose point of view is considered. Note, however that estimation of the value of the environmental benefits of not disposing of residues in landfill is beyond the scope of this study.
Income Tax and Depreciation
A privately-owned cogeneration plant would have to pay income tax on the net revenue it earns. The base Canadian federal corporate tax rate is 38% (Beam and Laiken, 1992) . For Ontario corporations, there is a provincial tax abatement of 10% from the federal government that reduces the federal tax rate to 28%. The Ontario provincial tax rate for manufacturing companies is 10%. In addition to the base federal and provincial tax rates, the federal government charges a surtax of 0.28%. There are two tax reductions for businesses in Ontario; they receive a tax reduction of 10% on the first $200,000 they earn and a manufacturing tax shelter of approximately 6%. Therefore, for the purposes of this analysiS the total tax rate is assumed to be 22.84% for the first $200,000 of taxable income and 32.84% for any additional taxable income.
Depreciation would reduce the income tax that a cogeneration plant would pay. Tax regulations specify that buildings depreciate at a rate of 4% per annum on a declining balance basis. The comparable rate for machinery is set at 20%. In the capital budget calculations summarized in the Appendix Tables, annual depreciation on machinery was charged at 20% of the undepreciated balance or net revenue minus building depreciation f whichever is less. This procedure was adopted to accommodate the scenario in which chipped forest biomass was used as the feedstock. In this case, taxable income does not become positive until year 7. Table 4 summarizes the capital budget assumptions for the two alternative sources of fuel. Calculation of annual cash flows is reported in Appendix Tables I and 2 . For both capital budgets, the real discount rate is assumed to be 5%.12 The NPV of cash flows of the project using sawmill residues for fuel is 57.143 million at 100% capacity and $3.818 million at 80% (see Table 5 ). The NPV using chipped biomass from silvicultural thinning for fuel is $2.141 million at 100% capacity but -$1.488 million at 80%. The internal rate of return is 17.06% for sawmill residues and 9.04% for chipped biomass. High preparation costs associated with using forest materials for a fuel source reduce the NPV with this feedstock. These results assume that the biomass is free, except for preparation and/ or transportation costs. All else equal, the absence of preparation costs for sawmill residues makes this fuel source a more profitable alternative.
Results
The Capital Budget
In addition to the cash flows received by the owners of the facility, the cogeneration plant pays corporate income tax. Based on the assumptions about the tax structure enumerated earlier, the present value of income tax 12/ For a discussion on the selection of a appropriate value for the real discount rate, see Kula (1984) . paid is $3.767 million for the sawmill residue scenario, and $1.456 million for the case of chipped forest biomass for 100% capacity utilization' and $2.195 million and $0.189 million for 80%, respectively.
Sensitivity Analysis
Sensitivity analysis was performed to investigate how the NPV responds to changes in the initial assumptions (Jog et al., 1990) . Elasticities were calculated to measure the rate at which the NPV of the cash flows would respond to increases in the cost of the initial investment, the prices received for heat and electricity, the discount rate, and maintenance costs. These elasticity values are reported in Tables 6 and 7 . They were derived as the percentage change in the NPV from a 1% increase in the reI evant parameter. Negative elasticity values indicate that the NPV of the cash flows varies inversely with changes in the variable in question. Positive values indicate that increases in the variable increase the present value of the cash flows. The greater the elasticity, the more sensitive the NPV is to changes in the respective variable.
Elasticity values for the chipped forest biomass scenario are higher than the corresponding values for sawmill residues because the base NPV of the cash flows is smaller. In both scenarios, not surprisingly, changes in the price of electricity have a greater impact on cash flows than heat prices, initial investment costs or annual operating and maintenance costs. Indeed, electricity sales generate over 90% of the annual revenue for the cogeneration plant. Increases in the cost of the initial investment and in the discount rate reduce the present value of the cash flows. The effect of increases in the discount rate are negative and large, suggesting that this parameter is critical to the financial viability of the cogeneration plant. $7,142,869 $3,818,439 $2,141,398 ($1,487,628) $3,766,651 $2,194,712 $1,456,023 $188,679 The Policies of Ontario Hydro that Affect Non-Utility Generation
Over the last 30 years, Ontario Hydro has produced all but a tiny fraction (much less than one percent) of all electricity generated and sold in the province. During this time, numerous mega-projects were undertaken by Ontario Hydro in anticipation of increases in future electricity demand. Between 1960 and 1975, eleven projects were commissioned with a total expected output capacity of 25,000 megawatts (McKay, 1983) . These projects involved substantial capital costs. For example the Darlington nuclear power project alone 22 was estimated to cost $13.8 billion. Ontario Hydro's debt has continued to increase, reaching $38 billion by 1992 (Bradley, 1992) . To alleviate some of its financial problems, Ontario Hydro has increased its rates to industrial and private consumers. For example, between 1985 and 1992, real residential rates in Toronto increased by 24% (Solomon, 1992) . Non-utility generators have also experienced the effects of Ontario Hydro's debt burden. In 1992, a cogeneration plant using biomass fuel received 8.40¢/kWh for winter peak rates. The same plant only received 7.1I¢/kWh for winter peak rates in 1993 (Ontario Hydro, 1992a The results of this study indicate that using sawmill residues for cogeneration can be a profitable venture. In addition, potentially harmful environmental effects can be mitigated. In the case of the Geraldton Community Forest, the after-tax NPV of the 25-year project was found to range from 53.8 million to $7.1 million, and to generate an internal rate of return in the range of 12-17%. Sensitivity analysis showed that these returns are reasonably robust with respect to variations in costs and revenues.
To appreciate the potential of sawmill residual as a source of electricity production on a provincial scale, the cumulative volume of unutilized sawdust produced at sawmills in Ontario between 1980 and 1990 was almost 5 million m 3 (see Table 1 ). At an annual average consumption rate of 45 kWhs/day, this feedstock could satisfy the electricity needs of 116,397 homes for one year.
There are two issues that may limit entry of non-utility generators into the Ontario electricity market, and thus affect the financial viability of cogeneration projects. First, excess capacConclusions generated electricity will be required to service remote communities and transmission constrained areas. When non-utility generated capacity is required, preference will be given to those producers that use renewable resources and more efficient energy technolo gies (On!ario Hydro, 1994) .
The financial benefits of a small-to mediumscale cogeneration facility of the type investigated in this study hinges on the terms of access to the provincial distribution grid for electricity. The location of sawmill residuals in Northern communities and the renewable nature of residuals as a feedstock open a narrow window of opportunity for this type of installation as a vehicle for regional development. Unless the conditions of access to the provincial distribution grid are relaxed, however, these potential gains will not be realized. Ontario Hydro seems to be continuing to resist development of small-scale cogeneration facilities (Weber, 1996 Hydro real buyback rates for non-utility generators have decreased by 18.3% (Brooks, 1993) . System-wide over capacity has also diminished the prospects for growth in non-utility generation. In 1993, Ontario Hydro predicted a surplus supply of three GWhs (Brooks, 1993) . As a result of that estimated surplus, 66 nonutility generation projects were put on hold in December 1992 (Ontario Hydro, 1992b) . Fifty of these projects eventually received new inservice conditions in May 1993 and the remaining 16 projects, totalling an expected 1200 MWhs were to be offered new in-service dates and capacity limits in the future (Ontario Hydro, 1993a ). At present, Ontario Hydro is no longer accepting contracts for non-utility generators because, "[p]urchasing non-utility power before it is required would add needlessly to system costs and to the price of electricity" (Ontario Hydro, 1993b, p. 14) . However, under some circumstances, non-utility Initial Investment ($) Heat Price ($/tonne) Electricity Price (t/kWh) Discount Rate (increase to 6%) Annual Operating and Maintenance Costs ity problems of Ontario Hydro force the public utility to confine the purchase of non-utility generated electricity to circumstances of remote needs and transmission constraints. Second, the financial problems of Ontario Hydro force the public utility to set buyback rates that have decreased in the past and could further decline in the future. However, using sawmill residues for fuel could be an advantage in light of these problems. Sawmills are generally located in remote areas where the need for nonutility generated electricity could arise. Also, the profit margin with the use of sawmill residues leaves room for future decreases in Ontario Hydro buyback rates.
